I
N 1909, Horsley lj reported relief of a hemiathetosis by resection of the precentral gyrus. Since that time, numerous approaches have been used for surgical relief of involuntary movement. Beginning in 1947 with the first stereotaxic operation for relief of an involuntary movement disease by Spiegel, et al., 2~ the majority of recent surgical approaches have been stereotaxic. Currently, the most widely utilized approach is a thermal lesion in the ventrolateral (VL) thalamus. This appears to be effective for the majority of movement disorders (MD's) ~5 and has been successful for patients with parkinsonian tremor, dystonia musculorum deformans, choreoathetosis, tremor associated with cerebral palsy, and MD's following strokes. 2, 15 Relatively little, however, has been published concerning the use of stereotaxic procedures for relief of posttraumatic MO's. 3, 7, 14 In this report, we discuss our experience utilizing stereotaxic VL thalamotomy for posttraumatic MD in 11 patients.
Summary of Cases

Patient Population
During the prior 19 years, 11 patients have undergone stereotaxic procedures for posttraumatic MD's with follow-up periods ranging from 3 months to 19 years. They ranged in age from 10 to 42 years; eight were males and three were females ( Table 1 ). All of these patients sustained severe closed head injury resulting in prolonged coma. On preoperative physical examination, each of these 11 patients had overt sequelae of the trauma, including: 11 with MD's, 11 with dysarthria, six with an overt hemiparesis, and nine with some degree of psychomotor retardation. The MD's consisted of action or intention tremors in seven, hemiballismic movements in nine, choreoathetoid movements in two, and truncal ataxia or titubation in two. In two patients, MD's were significant bilaterally. In eight patients, more than one type of MD was present to a significant degree, and seven had additional cranial nerve deficits (Table 1 ). The dysarthria which was seen in all of the patients ranged from mild to severe. Two patients had mild dysarthria, five had moderately severe dysarthria, and four had severe dysarthria. In each of the four patients with severe dysarthria, associated dysphagia, drooling, and difficulties with the upper airway and velopharyngeal functioning were also noted. The degree of general neurological dysfunction was not directly related to the type of MD present.
Preoperative Studies
In addition to routine pre-and postoperative neurological assessment, the majority of patients also had pre-and postoperative computerized tomography scanning, electroencephalography (EEG), and detailed speech and memory testing ( Table 2) . Preoperative EEG was performed in nine of the 1 1 patients and was normal in four. In all of the five abnormal EEG's, slowing was noted and in only one was any epileptiform activity seen.
Computerized tomography was performed in 10 of the 1 1 patients preoperatively. In three of the 10, the scans were normal. In the remaining seven patients, varying degrees of posttraumatic encephalomalacia and volume loss were seen (Table 2) , represented in five by focal tissue loss in association with generalized atrophy and in two by generalized atrophy.
Operative Technique
All surgical procedures were performed under local anesthesia with neuroleptic supplement. Following routine preparation of the head, a burr hole was placed near the coronal suture approximately 2 cm from the midline. The patient was then placed in a Todd-Wells line and 10 to 15 mm lateral to the midline of the third ventricle ( Fig. 1) . Stimulation was then performed at 2 to 100 Hz and the response carefully reported. In eight patients, stimulation caused a marked worsening of the MD, one patient had a mild worsening of the tremor, and one patient had cessation of his MD. Final lesions were made utilizing the Radionics lesion generator,t generally at 75~ for 60 seconds, with a second lesion being made at 75~ for 30 seconds after 3 to 5 mm withdrawal of the electrode.
Immediate Postoperative Results
Within the immediate postoperative period, all patients had some degree of improvement in their MD (Table 3) . In four patients, this was a marked improvement, another four patients had moderate improvement, and in two patients there was only minimal improvement, which was not considered functionally significant. In one patient, initial improvement of a left-sided action tremor disappeared alter the first 24 hours. A second procedure was performed 1 week later and marked improvement was obtained.
In seven patients, worsening of the preoperative dysarthria was seen in the initial postoperative period. Six of these patients had undergone left VL thalamotomies and one a right VL thalamotomy. In two of these patients, the worsening in dysarthria was mild, and lasted between 3 and 10 days. In one it was moderate and was still present, although improved, at the time of discharge. In four of the patients, the postoperative dysarthria was thought to be severe. In all of these patients, a relatively severe dysarthria had been present preoperatively. In all of these seven patients, associated dysphagia was also noted. Among these seven patients, three had a mildly worsened dysphagia postoperatively, which was usually characterized as a questionably increased difficulty in handling fluids. In one patient, the dysphagia was considered moderately worse on the basis of difficulty both with foods and in the handling of oral secretions. This patient had previously suffered severe dysarthria and a baseline difficulty with oral secretions. In three of the patients, a severely increased dysphagia was present postoperatively. These patients were totally unable to eat or handle oral secretions. In all of these three patients, a degree of dysphagia and a severe dysarthria had been present preoperatively. Postoperative testing in these patients also demonstrated decreased velopharyngeal functioning and a decrease in the oral-nasal pressure differential. In both of the patients with severe dysarthria and dysphagia, spoken comprehension was intact while mild to moderate alterations in memory and/or language dysfunction were noted. In all patients with dysarthria and dysphagia, decreased range of motion of the tongue was present. In all of these patients, a degree of clinical improvement in the dysarthria and dysphagia was noted prior to internal capsule low-density area in thalamus low-density area extending to internal capsule low-density area in thalamus low-density area in thalamus extending to internal capsule low-density area in thalamus * VL = ventrolateral; MD = movement disorder.
discharge. In two patients who underwent fight VL thalamotomies (Cases 3 and 7), there was thought to be an improvement in baseline dysarthria postoperatively.
All 11 patients were noted to have some degree of facial asymmetry following surgery; this improved in all instances. In one patient (Case 5), a bilateral decrease in lower facial movement was noted. In two of the patients, there was an increase in contralateral weakness in the postoperative period. In one of these two patients, the weakness was most pronounced in the lower, rather than the upper, extremity.
Long-Term Results
Clinical follow-up review on nine patients was available, ranging from 2 months to 3 years following surgery (Table 4) . In all nine patients, some improvement in posttraumatic MD was seen at 2 months to 1 year following surgery. In one of the patients (Case 3), functional improvement noted at 3 months and 1 year was not present at 3 years. At that time, marked increase in extensor tone was noted in the lower extremity without a return of the prior MD. In two patients (Cases 4 and 11) evaluated at 3 and 9 months, and 4 months and 1 year, respectively, after surgery, a significant further improvement in MD was seen at the second examination. In a third patient evaluated at 2 months and 2 years (Case 9), further but less striking improvement in tremor was noted at the later examination.
In seven patients, a preoperative dysarthria was noted to be initially worsened postoperatively. In six of these, follow-up examination was obtained. In three of these six patients, speech had improved by the time of followup evaluation at 3, 3, and 6 months, respectively, and in the other three patients, no improvement in postoperative dysarthria was seen at 3, 3, and 4 months. In all of these latter patients, however, subsequent evalu- Computerized tomography scans were performed postoperatively within 2 weeks in eight patients. In two of these patients, both of whom had significant postoperative dysarthria and dysphagia, the low-density areas seen in the left thalamic region appeared to extend into the internal capsule. In the remainder, a lowdensity area was seen in the thalamus alone. In one patient, a generalized but mild increase in ventricular size was noted.
Discussion
Most authors have described the posttraumatic MD as a postural, kinetic, or action tremor, 3,~4 although it has also been described as an intention myoclonus. 2~ Clinically, there can be elements of a rest tremor with exacerbation both in assumption of a fixed posture (postural) or movement (action). Andrew, et al., 3 suggested that the clinically distinguishing feature of posttraumatic MD was the superimposition of a myoclonic or hemiballismic component, which they noted in six of eight patients. We have seen this in nine of our 11 patients and agree with the pertinence of that observation. Otherwise, the striking feature of this group of patients is the significant degree of neurological sequelae they have. In our series, virtually all of the patients had manifestations of significant brain-stem dysfunction. This is consistent with prior reports of the syndrome. Kremer, et al., ~2 reported nine patients who demonstrated dysarthria and ataxia following head injury. Of these, three had coarse postural tremors. It was the clinical impression of those authors that this syndrome was the result of midbrain damage. Subsequent pathological studies have confirmed the frequent occurrence of discrete midbrain lesions in the region of the red nucleus following closed head injury. ~7' 25 Further clinical support for this hypothesis can be drawn from the early work of Holmes 1~ and subsequent data from Andrew, et al., 4 although lesions in other portions of the central nervous system have been associated with a similar action or postural tremor. 2'3 '5 Propranolol has been reported to be of benefit in some cases of posttraumatic MD 2 and, in a recent report of a posttraumatic intention myoclonus, a response was seen to clonazepam. 2~ Generally, however, these MD's have responded poorly to medical management. Theoretically, VL thalamotomy would be beneficial for posttraumatic MD by reduction in gamma system inhibition and alpha drive which are associated with the VL region in the thalamus. 23' 24 Anatomically, the basis for the VL thalamotomy in Parkinson's disease has been outlined by Hassler, et al. 9 Briefly, a lesion in this region of the thalamus interrupts two major systems; a pallidofugal system arising from the globus pallidus which enters the inferior VOA (nucleus ventrooralis anterior) thalamus via the ansa lenticularis area of the fields of Forel before proceeding to the cortex, and a second pathway which arises in the contralateral cerebellar nuclei and more posteriorly enters the VOP (nucleus ventro-oralis posterior). This first pathway appears to be associated primarily with rigidity while the second appears to be associated predominantly with tremor. However, MD's have been treated successfully in multiple locations in this general region.
Most speculation concerning MD's is based on data generated from patients with Parkinson's disease. The human situation of rigidity, tremor, and bradykinesia, which results in large part from reduced striatal dopamine, can be mimicked in monkeys with ventromedial D. E. Bullard and B. S. Nashold, Jr. tegmental lesions, 16' 26 or by the administration of various chemical agents including reserpineJ 9,z~ This resulting dyskinesia appears to be caused in part by decrease in gamma efferent activity with resultant alpha phasic and tonic hyperactivity, which is biochemically associated with a reduced striatal dopamine. 5,~7 The other dyskinesias are not as well understood. There is some evidence, however, that the active movements of the dystonias, of torticollis, of choreoathetosis, or of ballismus also have a basis in alterations in the relationship between the alpha and gamma motor systems resulting in movement based upon directly generated alpha activityJ 5' 2z-24 Whether this situation also exists in posttraumatic MD is unknown.
Only limited experience exists in the role of stereotaxic surgery in treating posttraumatic MD's. Our series strongly supports the potential benefit of this type of therapy. The functional improvement seen in posttraumatic MD's following surgery can be quite remarkable. The majority of these patients prior to thalamotomy are severely limited in self-care, including feeding, personal hygiene, and communication. In our series of 11 cases, all of the patients had immediate improvement in their tremor following surgery. In two of these patients, however, the improvement was not considered to be functionally significant. In another patient, the movement disorder recurred at 24 hours but responded well to a second procedure. The clinical follow-up review on these patients was limited, but in the nine patients who were evaluable, the improvement persisted at periods of time ranging from 3 months to 2 years. In only one of these nine patients was there a functional worsening at a later date. In that patient, the functional worsening was related primarily to an increased spasticity and dystonic posturing rather than to a recurrence of the previous posttraumatic MD. These results compare well with those seen by Andrew, et al., 3 who noted improvement in the functional usefulness of their patients in all of their eight cases following stereotaxic thalamotomy. They noted that the postural and kinetic tremor was greatly improved in seven cases and a 50% amelioration was seen in the eighth. In two of their patients, an initial improvement was later followed by continued improvement, as we have seen in our patients. These results also agree with those seen by Niizuma, et al., ~4 in their report of three posttraumatic cases.
The major postoperative dysfunction in these patients has been in their speech, 1' 6 in both our series and that of Andrew, et al. 3 They noted a frequent postoperative pattern of mild dysarthria and ataxia of the limbs with a hemiparesis of the contralateral foot which they related to the lacunar syndrome described by Fisher and Cole. 8 In five of our six patients with leftsided thalamotomies and one of the five with rightsided procedures, a significantly worsened dysarthria was transiently seen following surgery. This was also associated with dysphagia and a decrease in voluntary facial movements in all of these patients. In all but two patients, this dysfunction later improved significantly. In both of these patients, the clinical follow-up period was limited to 3 months. In only one of our 11 patients, however, was there a significant contralateral postoperative leg weakness.
In summary, stereotaxic thalamotomy appears to be an effective form of treatment for persistent posttraumatic MD's. The major limitation is increased postoperative dysarthria which, in most cases, is only transient. Further studies to evaluate risk factors associated with dysarthria and further refinements to prevent its occurrence are needed.
